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ABSTRACT 

We review t h e  c ,ons iderable  expe r imen ta l  ev idence  f o r  

a 3 O K  b l ack  body r a d i a t i o n  background i n  space .  

hypotheses  which sugges t ed  t h e  s e a r c h  a r e  d i s c u s s e d .  We examine 

t h e  s i g n a l  and accuracy  requi rements ,  and i n s t r u m e n t s  capaPle  of  

f u l f i l l i n g  them. S ince  atmospheric  r a d i a t i o n  l i m i t s  t he  e x p e r i -  

ments,  w e  c o n s i d e r  v a r i o u s  p l a t fo rms  used for mounting observa-  

t i o n s .  We f i n d  t h a t  none of them has been f u l l y  e x p l o i t e d  yet, .  

and t h a t  r easonab le -  doubt of t h e  i n t e r p r e t a t i o n  i s  l i k e l y  t o  

remain u n t i l  some s a t e l l i t e - b a s e d  measurements have been made. 
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INTRODUCTION 

The background r a d i a t i o n  from space  a t  7 c e n t i m e t e r s  
wavelength was r e c e n t l y  measured by Penzias  and Wilson. (I' The 
r e s u l t s  e x c i t e d  c o n s i d e r a b l e  i n t e r e s t  among a s t r o p h y s i c i s t s  and 
cosmologis t s .  
r a d i a t i o n  f i e l d  from p r e d i c t i o n s  o f  t h e  b i g  bang cosmologies ,  
and p u t  f o r t h  a cosmologica l  e x p l a n a t i o n  a t  tha t  t ime .  The back- 
ground r a d i a t i o n  a t  cen t ime te r  wavelengths  i s  commonly d e s c r i b e d  
as t h a t  expec ted  from a b lack  body a t  2 . 7 O K ,  bu t  t h e  d e t a i l e d  
shape  o f  t h e  spectrum i n c l u d i n g  t h e  wavelength f o r  maximum energy 
has  n o t  y e t  been de termined .  A l t e r n a t i v e  d e s c r i p t i o n s  are g i v e n  
below w i t h  t h e  data. T h i s  i s  fo l lowed by t h e  cosmological  hypoth- 
eses which p r e d i c t e d  such  r a d i a t i o n .  We t h e n  d i s c u s s  t h e  r e q u i r e -  
ments f o r  measurement of  t h e  spectrum and a n i s o t r o p y ,  t h e  equipment 
a v a i l a b l e  a t  t h e  wavelengths  o f  i n t e r e s t ,  and t h e  p o s s i b l e  v e h i c l e s  
i n  which t o  mount t h e  exper iments .  

Dicke e t  a l .  ( 2 )  had expec ted  t o  f i n d  such a 

DATA 
0- 

bhe spectrum o f  t h e  background r a d i a t i o n  has been 
measured a t  s e v e r a l  wavelengths  from 2 1  cm t o  3 mm, and i t s  
a n i s o t r o p y  w i t h  s p a t i a l  d i r e c t i o n .  has been measured a t  3 .2  cm. 
The s p e c t r a l  measurements a r e  summarized i n  T a b l e  I .  Some o f  
t h e  measurements a r e  made from t h e  ground, some from mountain 
t o p s .  The fo l lowing  d e s c r i p t i o n s  can each  be suppor t ed  by t h e  
d a t a :  

The spectrum i s  t h a t  of a b l a c k  body w i t h  
T = 2.68 + .12OK 

(1) 
m 

- 
( 2 )  The tempera ture  dependence on wavelength i s  n o t  

t h a t  o f  a b l ack  body, bu t  ra ther  
T a hn, n = . O O  - + .06 - E. 

0 

( 3 )  The spec t rum i s  t h a t  of  a grey  body w i t h  e m i s s i v i t y  
l>e> .7 ,  - -  eT  = 2.68 - + .12OK 

The tempera ture  o f  e i t h e r  a b l ack  o r  grey  body must be indep'endent 
of wavelength,  hence ( 2 )  i s  corzpat ible  w i t h  (1) o r  ( 3 )  on ly  if 
n=O. A grey  body i s  b l a c k  only i f  t h e  e m i s s i v i t y  i s  one. The 
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bu lk  of  t h e s e  measurements were made wi th  a Dicke r a d i o m e t e r  
switched between t h e  s k y  a n d ' a  l i q u i d  hel ium load .  The a n i s o -  
t r o p y  of  t he  f i e l d ,  measu red  by t h e  d i f f e r e n c e  of s i g n a l  i n  two 
o p p o s i t e  d i r e c t i o n s  as pe rcen t  of average  s i g n a l ,  has been found 
t o  be .03 + .07$ a t  3.2 cm. ( 3 )  
measuremenEs of t h e  r a d i a t i o n  f i e l d  toward t h e  c e l e s t i a l  e q u a t o r ,  
f o r  f i f t y - f i v e  d a y  l o n g  runs ,  over  a p e r i o d  of  a year .  

T h i s  experiment  c o n s i s t e d  of 

COSMOLOGICAL HYPOTHESES ( 4 j 5 )  

Cosmologies a r e  m o d e l s  o f  t h e  g r o s s  f e a t u r e s  of t h e  
u n i v e r s e  i n  t ime and space .  A s t r o n g  assumption w i d e l y  used i s  
t h a t  t h e  b a s i c  laws of  phys i c s  ( e s p e c i a l l y  c o n s e r v a t i o n  of energy ,  
and second law of  thermodynamics) ho ld  u n i v e r s a l l y  i n  t i m e  and 
space .  Most cosmologies  f u r t h e r  assume i s o t r o p y  and homogeneity 
o f  all f i e l d s  (matter, r a d i a t i o n ,  n e u t r i n o ,  ...) i n  t h e  u n i v e r s e .  
These i s o t r o p i c  models are c h a r a c t e r i z e d  by t h e  s i g n  of  c u r v a t u r e  
k(+1,0,-1) and by an  expansion f u n c t i o n  R ( t ) ,  which has dimensions 
of  l e n g t h  g iven  as a f u n c t i o n  o f  t i m e .  A cosmology w i t h  R ( 0 )  = 0 
i s  c a l l e d  a Big Bang cosmology, s i n c e  a t  s m a l l  t imes,  t h e  whole 
u n i v e r s e  i s  compressed i n t o  very  small d i s t a n c e s ,  from which i t  
expands q u i t e  r a p i d l y .  

For  small t, and hence small  R ( t ) ,  energy c o n s e r v a t i o n  
i m p l i e s  a h igh  d e n s i t y  o f - e n e r g y ,  1 . e .  h igh  t empera tu re  (1010 O K ) .  

D e t a i l e d  c a l c u l a t i o n s  of c o n c e n t r a t i o n s  o f  v a r i o u s  s u b s t a n c e s  as 
a f u n c t i o n  of t i m e  have b e e n  made. These c a l c u l a t i o n s  assume 
constancy of  dynamical equa t ions  ( S c h r o d i n g e r ' s  e q u a t i o n )  and 
such  s t r u c t u r a l  parameters o f  t h e  u n i v e r s e  as t h e  speed  of l i g h t  
and n u c l e a r  i n t e r a c t i o n  c r o s s  s e c t i o n s .  F o r  t < l  s e c . ,  i . e .  a t  
the  t ime of the  b i g  bang, t h e s e  c a l c u l a t i o n s  g i v e  a p i c t u r e  of  a 
u n i v e r s e  i n  which n e u t r i n o s  have a s h o r t  mean f r ee  p a t h ,  gamma 
r a d i a t i o n  f r e e l y  produces r e l a t i v i s t i c  e l e c t r o n s ,  where t h e r e  are 
no complex n u c l e i ,  and pro tons  and n e u t r o n s  are about  e q u a l  i n  
number. S ince  c h a r a c t e r i s t i c  t imes  f o r  these p r o c e s s e s  a r e  

s e c ,  t h e  v a r i o u s  f i e l d s  are  i n  thermodynamic equil ' ibrium. 
I n  p a r t i c u l a r  t h e  r a d i a t i o n  f i e l d  i s  tha t  o f - a  b lack-body,  s i n c e  
t h i s  i s  by d e f i n i t i o n  t h a t  f i e l d  which r e s u l t s  from thermodynamic 
e q u i l i b r i u m  o f  matter and r a d i a t i o n  a t  a g i v e n  t empera tu re .  As 
the  u n i v e r s e  expands,  bo th  matter and r a d i a t i o n  c o o l  a d i a b a t i c a l l y .  
So long  as t h e  matter r ema ins  i o n i z e d ,  t h e  r a d i a t i o n  and matter 
f i e l d s  i n t e r a c t  t h rough  t h e  e l e c t r o n s ,  remain ing  coupled and i n  
e q u i l i b r i u m .  When t h e  p l a s h a  i s  coo l  enough f o r  t he  p r o t o n s  and 
e l e c t r o n s  t o  combine, forming n e u t r a l  hydrogen which no  l o n g e r  
i n t e r a c t s  w i t h  t h e  r a d i a t i o n ,  t h e  r e s i d u a l  r a d i a t i o n  has an  
independent  e x i s t e n c e ,  cool ing  as t h e  u n i v e r s e  expands.  The 
spec t rum of  t h e  r a d i a t i o n  f i e l d  i s  n o t  changed from t h a t  of a 
b l a c k  body a t  any p o i n t  i n  t h i s  p r o c e s s .  
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I n  s o  f a r  as the  d e s c r i p t i o n  of t h e  F a d i a t i o n  f i e l d  
as tha t  o f  a b l a c k  body cont inues  t o  ho ld ,  t h i s  h y p o t h e t i c a l  
c o n s t r u c t i o n  w i l l  b e  suppor'ted. Devia t ions  from t h e  b l a c k  body 
cu rve  would-give va luable- - informat ion  on t h e  l a s t  s c a t t e r i n g  o f  
t h e  r a d i a t i o n  and on any r e i o n i z a t i o n  of  mat ter .  ( 6 )  
t heo ry  ( 7 )  proposed i n t e r g a l a c t i c  i o n i z e d  hydrogen as t h e  agen t  
r e s p o n s i b l e  f o r  emiss ion ,  b u t  p r e d i c t e d  T a h  ( 4 / 5 ) ,  which can  be  
r e j e c t e d  on t h e  basis of t h e  exper imenta l  r e s u l t s .  

Another 

SPECTRAL MEASUREMENT 

I n  t h e  absence  o f  an  a l t e r n a t e  theo ry  t o  sugges t  
c r i t i c a l  wavelengths  f o r  measurement, t h e  i n t e r p r e t a t i o n  of t h e  
spectrum as t h a t  of a b l ack  body needs  t o  be s t r eng thened .  The 
wavelength f o r  maximum power i n  t h e  spectrum has n o t  y e t  been 
measured, and u n t i l  i t  i s ,  t h e r e  w i l l  be u n c e r t a i n t y  about  t h e  
b l ackness  o r  e m i s s i v i t y  of  t h e  r e s p o n s i b l e  agen t .  The r a d i a t i o n  
maximum f o r  a b l ack  body occurs  a t  5 . 1 1 / T  mm, o r  1.9 mm f o r  2.7OK. 
Hence measurements at. 2 mm and s h o r t e r  are needed, s i n c e  wave- 
l e n g t h s  longe r  t h a n  2 mm a r e  now reasonably  wel l  covered.  

Apart from t h e  u n c e r t a i n t y  o f  t h e  p o s i t i o n  of  t h e  
maximum, t h e  i n t e r p r e t a t i o n  of  t h e  measurements cannot  be  made 
w i t h  conf idence  u n t i l  background measurements are ex tended  t o  
wavelengths  i n  t h e  decade s h o r t e r  t h a n  1 mm. When t h e  p r i n c i p a l  
emit ters  i n  t h e  l a t t e r  reg ion  are  known, t h e i r  t h e o r e t i c a l  con- 
t r i b u t i o n  n e a r  2 mm can  b e  s u b t r a c t e d  from t h e  measurements. 

,The expec ted  s i g n a l  n e a r  2 mm i s  about  6 x x B 
e rg / sec ,  where B i s  t h e  bandwidth i n  p e r c e n t .  To improve p r e s e n t  
data,  measurements a r e  needed w i t h  an  accuracy  of  b e t t e r  t h a n  10%. 
The bandwidth does n o t  need t o  be smaller t h a n  t h e  d e s i r e d  accu- 
r a c y  s i n c e  the  bandwidth i s  t h e  u n c e r t a i n t y  i n  f requency .  S e v e r a l  
10% measurements would' be p r e f e r a b l e  t o  one 1% measurement. 

ANISOTROPY MEASUWMENT . .  

Anisotropy i s  s p a t i a l  non-uniformity o f  a s i g n a l ,  and 
is measured by the  d i f f e r e n c e  of  s i g n a l  i n  two d i r e c t i o n s  as a 
p e r c e n t  o f  t h e  average  s i g n a l .  I n t r i n s i c  an i so t ropy  i s  d e f i n e d  
as t h e  an i so t ropy  v i s i b l e  t o  a n  obse rve r  a t  r e s t  w i t h  r e s p e c t  t o  
t he  source .  Ve loc i ty  an i so t ropy  i s  t h e  an i so t ropy  r e s u l t i n g  from 
motion o f  t h e  obse rve r ,  as h i s  t e l e s c o p e  scoops up more photons  
when approaching t h e  sou rce  t h a n  when p o i n t e d  away from i t .  

The an i so t ropy  measurement i s  t h e  b e s t  ev idence  f o r  
t h e  cosmologis t s '  i s o t r o p y  assumption.  When t h e  data gathered 
from look ing  outward around t h e  c e l e s t i a l  e q u a t o r  ove r  50 days 
were ana lyzed  i n  terms of hour ly  i n t e r v a l s  (l5"), no one 

, E--. 7 
... . . -. . . .  . . . -  
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d i r e c t i o n  w a s  found t o  have ampl i tude  more t h a n  1/2% g r e a t e r  
t h a n  average .  ( 3 )  
t h i s  15' s c a l e  a r e  l e s s  than 10%. ( 8 )  Before t h e  measurement o f  
i n t r i n s i c  a n i s o t r o p y  can be pushed t o  lower l i m i t s ,  t h e  v e l o c i t y  
an i so t ropy  w i l l  have t o  be measured i n  magnitude and d i r e c t i o n .  

T h i s  imp l i e s  that  m a t t e r  inhomogenei t ies  on 
- 

It has been shown (9,10) t h a t  t h e  n e t  r e s u l t  of motion 
i n  an i s o t r o p i c  f i e l d  of r a d i a t i o n  a t  tempera ture  T ,  i s  t h a t  

t h e  obse rve r  f i n d s  t h e  tempera ture  he measures,  T , a t  t h e  ang le  
0 from t h e  d i r e c t i o n  of h i s  motion i s  

1 0 

1 

1 1  ? -1 T ( 0  ) = T ( l  - v / C  ) 1/2 [l - v/c cos 0 1 

% ? 
= T (1 t v/c cos  0 ) ,  

where v i s  t h e  magnitude of t h e  o b s e r v e r ' s  v e l o c i t y ,  and c i s  t h e  
speed  o f  l i g h t .  The r e l a t i v e  v e l o c i t y  v i s  expec ted  t o  be about 
300 km/sec = c s i n c e  t h i s  i s  t h e  o r b i t a l  v e l o c i t y  of t h e  
s o l a r  system i n  t h e  ga laxy .  (The v e l o c i t y  of t h e  e a r t h  around 
t h e  sun i s  a b o u t  c and may a lso be measurable  soon . )  Hence 
t h e  expec ted  s i g n a l  d i f f e r e n c e  between two d i r e c t i o n s  i s  expec ted  
t o  be about  of t h e  average s i g n a l  at  t h e  same wavelength.  A 
very l a r g e  bandwidth i s  d e s i r a b l e  f o r  an i so t ropy  exper iments  i n  
o r d e r  t o  i n c r e a s e  t h e  s i g n a l  l e v e l .  An i n f i n i t e  bandwidth r ad io -  
meter  t a k i n g  t h e  d i f f e r e n c e  of  t h e  a b s o l u t e  s i g n a l s  f rom t h e  two 
o p p o s i t e  d i r e c t i o n s  along a l i n e  making an ang le  0 w i t h  t h e  
d i r e c t i o n  of  motion a t  300 km/sec through space  would r e g i s t e r  
a s i g n a l  d i f f e r e n c e  of  8 x 
it were s u b j e c t  only t o  an  i s o t r o p i c  3 O K  r a d i a t i o n  f i e l d  when a t  
r e s t .  

1 

(11) if 1 
x cos o e r g / ( s e c  cm2 s r )  

A f t e r  an i so t ropy  measurements have been f i t t e d  by 
Equat ion  (1) w i t h  t h e  b e s t  va lue  of v ,  r e s i d u a l  d i f f e r e n c e s  can 
be  a s c r i b e d  t-o i n t r i n s i c  a n i s o t r o p y .  
Of i n t r i n s i c  an i so t ropy  w i l l  bo th  be ex t remely  i n t e r e s t i n g .  

EQUIPmNT 

The v e l o c i t y  and amount 

* 

The m i l l i m e t e r  r eg ion  i s  be ing  approached by ex tending  
microwave techniques  t o  s h o r t e r  wavelengths ,  and by ex tending  
i n f r a r e d  techniques  t o  longer  wavelengths .  The c ross -over  i s  
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marked by d i f f i c u l t y  of  comparison o f  equipment working on d i f -  
f e r e n t  p r i n c i p l e s .  I n  Table  11, t h e  s e n s i t i v i t y ,  or minimum 
d e t e c t a b l e  tempera ture  change, AT, i s  s e t  o u t  f o r  t h e  major 

s e n s i t i v i t y  on bandwidth,  B, i s  AT= B- 'I2 f o r  coherent  ( supe r -  
heterodyne and maser) d e t e c t o r s ,  b u t  AT= B - I  f o r  i n c o h e r e n t  
d e t e c t o r s .  The cohe ren t  rad iometers  have s m a l l e r  bandwidths 
(1/10%) t h a n  t h e  i n c o h e r e n t  d e t e c t o r s  (10%). The h y p o t h e t i c a l  
performance t o  b e  expec ted  i f  a broad  band p a r a m e t r i c  a m p l i f i e r  . 
were a v a i l a b l e  f o r  u se  w i t h  t h e  coherent  d e t e c t o r s  i s  a l s o  shown. 

~ - - - p o s s i b i l i t i e s .  It- -should be no ted  t h a t  - the dependence o f  t h e  - 

The germanium bolometer  a t  l i q u i d  He tempera ture ,  
seems t o  have t h e  b e s t  performance f o r  t h e  bandwidth and. f r e -  
quency d e s i r e d .  With a n  a p p r o p r i a t e  s e t  o f  f i l t e r s ,  s e v e r a l  
measurements could  be  made. However, t h e  InAs photoconductor  
has a l r e a d y  been adapted t o  rocke t  f l i g h t  by H a r w i t ,  and t h e  
superhe terodyne  r ad iomete r  would no t  r e q u i r e  l i q u i d  hel ium 
coo l ing .  

Condon and H a r w i t  (11) p l a n  t o  use  t h e  InAs photo- 
conduct ive  r ad iomete r  i n  a broad-band a n i s o t r o p y  experiment  
from a r o c k e t .  A s i g n a l  t o  n o i s e  r a t i o  o f  1 can b e  ob ta ined  
f o r  AV = 45 km/sec w i t h  2 4 0  s e c  of i n t e g r a t i o n  t i m e .  
bandwidth a l lows  r e d u c t i o n  o f  experiment  t i m e  from 55 days t o  
240  seconds .  
f l i g h t  should  improve t h i s  another  o r d e r  of magnitude. 
sen t  s e n s i t i v i t y  w i l l  b e  an o r d e r  o f  magnitude improvement ove r  
the  P a r t r i d g e  and W i l k i n ~ o n ' ~ )  exper iment .  

The a n i s o t r o p y  experiment  i s  t e c h n i c a l l y  easier  t h a n  
the  a b s o l u t e  power measurement, because  a r e f e r e n c e  tempera ture  
s o u r c e  i s  n o t  r e q u i r e d .  V a r i a t i o n  i n  s i g n a l  w i t h  d i r e c t i o n  i s  
a l l  t ha t  must b e  measured. The a d d i t i o n a l  equipment f o r  t h e  
a b s o l u t e  power measurement i s  u s u a l l y  a s e t  o f  f i b e r g l a s s  s p i k e s  
immersed i n  l i q u i d  hel ium t o  p rov ide  t h e  r e f e r e n c e  tempera ture .  
Development would b e  r e q u i r e d  t o  adap t  t h i s  t o  space  c o n d i t i o n s .  

VEHICLES 

The broad 

The a d a p t a t i o n  of  t h e  germanium bolometer  t o  space  
The pre-  

b 

We c o n s i d e r  ground, b a l l o o n ,  a i r p l a n e ,  r o c k e t ,  and 
s a t e l l i t e .  The f a c t o r s  p e r t i n e n t  t o  t h e s e  exper iments  a r e  
a tmosphere above v e h i c l e ,  t ime o f  i n t e g r a t i o n  p o s s i b l e ,  manned 
exper imenta t ion ,  and s t r u c t u r a l  requi rements  on t h e  rad iometer .  

For wavelengths  longer  t h a n  1 mm, water vapor  i s  
r e s p o n s i b l e  f o r  most of the  a tmospher ic  a b s o r p t i o n ,  and hence 
unwanted emiss ion  which l i m i t s  these  measurements. Minima i n  

., 
. . - -. . . . . . .. . . . .  . . .  
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the  a b s o r p t i o n  curve  occur  a t  1 . 3  mm, 2 . 2  mm, and 3.3 mm. These 
windows have about  t h e  same amount of a b s o r p t i o n  (1. db a t  sea 
l e v e l ) ,  s o  that  i t  would seem p o s s i b l e  t o  do exper iments  on a 

-mounta in  t o p  at 2.2 mm and mm--of accuracy  -comparable  (50%) 
t o  t h e  e x i s t i n g  experiment  a t  3 . 3  mm. By t h e  use  of a n  a i r p l a n e  
o r  b a l l o o n  which can cl imb above 8 t o  1 0  km, one has l e f t  on ly  
1% o f  t h e  water vapor  to look through.  (I2) 
one way a t t e n u a t i o n  of 1 0  d b  t o  .1 db,  which would r e n d e r  most 
of t h e  r e g i o n  from 1 t o  4 mm a c c e s s i b l e  t o  exper iments .  (13) 

. .- - . -- 

T h i s  would reduce  a 

AS 
s h o r t e r  t h a n  
i n t e r p r e t  a t  i 
between 1 mm 
a t t e n u a t i n g  . 

we have p o i n t e d  o u t ,  a c c e s s  t o  t h e  wavelengths  
1 mm w i l l  u l t i m a t e l y  be  r e q u i r e d  f o r  c l e a r c u t  

and .02 mm ( 1 0 0 0  p and 20  p) water vapor  i s  s t r o n g l y  
on of t h e  l o n g e r  wavelength r e s u l t s .  I n  t h e  r e g i o n  

The a t t e n u a t i o n  i s  n o t  reduced t o  .1 db u n t i l  a - 
height  of  30 k m  i s  r eached .  For t h i s  r e g i o n ,  i t  i s  necessa ry  
t o  avo id  t he  e n t i r e  atmosphere,  which can be done from r o c k e t  o r  
s a t e l l i t e .  P re l imina ry  experiments  c a n ' b e  done ' f rom r o c k e t s ,  bu t  
d e f i n i t i v e  s t u d i e s  w i l l  r e q u i r e  s a t e l l i t e s .  

t h e  i n t e g r a t i o n  t i m e  ( i n  s e c o n d s ) .  The t i m e  p o s s i b l e  on v a r i o u s  
v e h i c l e s  i s  about  l o 7  s e c  on ground,  3 x 1 0  

f o r  s a t e l l i t e .  

Noise i s  e f f e c t i v e l y  d iminished  by t h e  s q u a r e  r o o t  of 

4 s e c  i n  b a l l o o n ,  
7 x 1 0  3 s e c ( ? )  i n  a i r p l a n e ,  2 x 1 0  2 s e c  for r o c k e t ,  4 x 1 0  5 s e c ( ? )  

0 R e c a l i b r a t i o n  of t h e  r ad iomete r  a f t e r  u s e  i s  impor t an t .  
Hence t h e  r ad iomete r  shou ld  b e  r e c o v e r a b l e ,  or t h e  in s t rumen t  
s h o u l d  be  manned i n  o r d e r  t o  r e c a l i b r a t e .  H a r w i t  (I5) i s  able  t o  
r e c o v e r  t h e  InAs r ad iomete r  from r o c k e t  f l i g h t  i n  working condi-  
t i o n .  F u r t h e r  work would be nec'essary on t h e  germanium bolometer  
o r  a maser system. 

4 

SUMMARY 

Both a b s o l u t e  and a n i s o t r o p y  measurements o f  t h e  i a c k -  
ground r a d i a t i o n  remain t o  b e  made i n  t h e  r e g i o n  of wavelengths  
s h o r t e r  t h a n  2 mm. 
been f u l l y  e x p l o i t e d ,  s i n c e  50% measurements a t  2 .2  and 1 .3  mm 
s h o u l d  be  p o s s i b l e .  No expe r i ence  i s  a v a i l a b l e  from b a l l o o n  o r  
a i r p l a n e  f l i g h t s  t o  i n d i c a t e  t h e  l i m i t s  of i n v e s t i g a t i o n  a t t a i n -  
able from t h e s e  v e h i c l e s .  Rocket Qased a n i s o t r o p y  "xperiments 
can be improved beyond t h o s e  p r e s e n t l y  p lanned .  These means 
seem l i k e l y  t o  p rov ide  a 1 0 %  knowledge o f  background r a d i a t i o n  
t o  wavelengths  as s h o r t  as 1 mm. 

Ground based expe r imen ta t ion  has n o t  y e t  

. 
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To o b t a i n  a 1 0 %  knowledge below 1 mm, i t  seems tha t  
t imes  g r e a t e r  t h a n  a few minutes above t h e  atmosphere w i l l  be 
r e q u i r e e ;  hence a s a t e l l i t e  will be t h e  necessa ry  v e h i c l e .  

R e c a l i b r a t i o n  o f  t h e  rad iometer  i s  expe r imen ta l ly  
Impor tan t ,  and requires e i t h e r  t h a t  t h e  r ad iomete r  b e  r e -  
coverable ,  o r  t h a t  a man be p r e s e n t  t o  r e c a l i b r a t e .  

- 
~ __ - -  __ -- - 
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TABLE I 

DATE 

1965 

1966 

1966 

1966 

1966 

1967 

1967 

1967 

1967 

1967 

1968 

WAVELENGTH - REFERENCE 

Penzias  & Wilson (1) ‘ . 7 . 0  cm 

Penzias  & Wilson ( 1 5 )  . 21.0 cm 

20.7 cm Howell & Shakeshaf t  (16) 

Thaddeus & C l a v s e r ( l 7 )  2.63 mm 

F i e l d  & Hitchcock(I8)  2.63 mm 

Welch e t  a l .  (19) 1.50 cm 

S t o k e s ,  P a r t r i d g e ,  Wilkinson(20)  3.2 cm 

S tokes ,  P a r t r i d g e ,  Wilkinson ( 2 0 )  1.58 cm 

Wilkinson ( 2 0 )  8.56 mm 

Ewing, Burke, S t a e l i n  ( 2 1 )  9.24 mm 

3.3 ml-n 

- 

Boynton, S tokes ,  Wilkinson ( 2 2 )  
5 

3.3 2 95 
3.2 + - 1.0 

2.8 - t .6 
3.75 95 

3-05 2 -35 
2.0 t .8 

2.69 + - .ig 
2.78 t .14 

2.56 - t .20 
- .  

3.16 - + .26 

2.46 - + .42 

. 

8 
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